This study was carried out to investigate the efficacy of ciprofloxacin (8 mg/kg b.wt.) and/or metronidazole (30 mg/kg. b.wt.) in drinking water for 5 successive days for treatment of E. coli and/or Cl. perfringens each alone or both. Blood and tissue samples were collected from 5 birds from each group on the 5 th , 12 th and 19 th days post-infection and treatment. This was done through studying the effect on growth Performance (body weight, weight gain, feed consumption and feed conversion rate), lesion score, mortality rate, some liver and kidney function parameters and some blood picture parameters. Infection with E. coli and/or Cl. perfringens induced the characteristic symptoms and lesions of the disease infection with E. coli induced mortality rate up to 20% which is reduced to 5% post-treatment with ciprofloxacin whereas, Cl. perfringens infection induced mortality up to 35% which is reduced to 12% post-treatment with metronidazole. Mixed infection with E. coli and Cl. perfringens induced 75% mortality which is reduced to 20% post-treatment with both drugs. Infection with E. coli and/or Cl. perfringens each alone or mixed together afforded a significant decrease in body weight, weight gain, feed consumption and increased feed conversion compared with normal control group. Whereas, treatment of infected birds with both drugs elicited a significant increase in body weight, feed consumption and significant decrease in feed conversion rate compared with infected non-treated groups. On blood picture infection with E. coli and Cl. perfringens or their mixed infection induced a significant decrease in total RBCs count, Hb % and PCV% whereas, treatment of infected birds with each drug alone or their combination induced a significant increase in the previous parameters along the course of the study compared with infected non-treated groups. Serum Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Alkaline phosphatase (ALP), uric acid and creatinine were significantly elevated in response to infection with each microbe alone or their combination compared with normal control group. Treatment of infected birds with each drug alone or their combination elicited a significant decrease in the previous parameters along entire period of the study compared with the infected non-treated groups. Taken together, our data could be framed within the view of the revealing high efficacy of metronidazole and ciprofloxacin toward infection with clostridium and /or E. coli in poultry.
INTRODUCTION
In many areas of the world, one of the most common causes of broiler mortality and economic losses is the enteric diseases inflicted by a mixed infection with Escherichia coli (E. coli) and clostridium infection. Necrotic enteritis which is an important sporadic disease of broiler chicken is caused mainly by Cl. perfringens, (Parish, 1961) . Clostridium perfringens is a Gram-positive spore forming anaerobic bacterium present in the intestinal flora of humans and animals as well as in soil and water (Florence et al., 2011) . E. coli is the most important agent causing secondary bacterial infection in poultry and may also be a primary pathogen (Gross, 1994) . Ciprofloxacin, a third generation flouroquinolone antimicrobial and has an excellent activity against Gram-negative bacterium including E. coli (Andersson and MacGowan, 2003) . Metronidazole is a nitroimidazole antimicrobial amoebicidal and antiprotozoal medication used particularly for anaerobic bacteria and protozoa. It is the drug of choice for first episodes of mild to moderate clostridium infection, (Merck Manual for Professionals, 2009 ). Controlling of mixed infections by using combinations of more than one drug is being performed by several veterinarians in 84 field. These combinations are carried for their synergistic effect, treating mixed infection, preventing drug resistance from developing and treating severe infection, when the organism is unknown (Werk and Schneider, 1988) .
The current study was delineated to explore the plausible cross talk between ciprofloxacin and metronidazole that could be portrayed as alterations of efficacy and/or side effects.
MATERIALS AND METHODS

Drugs:
Ciprofloxacin (Ciprofloxacin ® 20%): It is water soluble formulation obtained from Arabcomed Company, Obour City Egypt it was administered as concentration of 5 ppm. in drinking water (8 mg/kg b.wt.) (Anadon et al., 2001) . Metronidazole (Flagyl ® , Susp.): It is water soluble formulation obtained from Arabcomed Company, it was administered in drinking water (30 mg/kg b.wt.) (Cybulski et al., 1996) .
Chickens:
A total of 350, day-old Hubbard breed broiler chicks obtained from El-Kahera Poultry Company (Giza, Egypt) were used in this study.
Ration:
It was obtained from El-Kahera Poultry Company and used during our study.
Avain pathogens:
Cl. perferingens type C was supplied by Animal Health Research Institute (Dokki, Giza, Egypt). E. coli serotype O78 was obtained from poultry and Rabbit Diseases Dept. Fac. of Vet. Med. Zagazig University (Zagazig, Egypt).
Vaccines:
Gumboro vaccine was obtained from RhoneMerieau Company (France). Hitchner Lasota live vaccine were obtained from Intervet Boxmeer Company (Holland).
A) In Vitro antibacterial sensitivity:
The antibiotic sensitivity test of the tested E. coli against some antimicrobial agents using disc diffusion method was carried out according to Baker and Breach (1980) using Moeller -Hinton agar plates, the results were interpreted according to Oxoid Manual Company (Oxoid, 1995) .
B) In Vivo: Experimental design:
A total of 350, day-old Hubberd mixed broiler chicks were randomly classified into 7 equal groups as follows: Group 1: Non-infected, nonmedicated (Control). Group 2: Infected with Cl. perfringens type C, non-medicated. rd and 4 th ribs in the right side using special needle with 0.1 ml of concentration 10 6 c.f.u/ml (colony forming unit) (Akam and Ozkan, 1988) .
Clostridium infection:
On the 15 th , 17 th and 19 th days of age, chickens were given three oral inoculations of 2 ml, freshly prepared (24 hs.); Incubated thioglycolate broth culture of Cl. perfringens type C (1.5x10 9 ) organisms /ml on alternate days (Baha et al., 1997) .
Drugs treatment:
Drugs were administered to birds one day postinfection in drinking water for five successive days. All chickens of each group were individually weighted at the beginning of experiment and weekly intervals, body weight gain, feed consumption, feed conversion rate was recorded.
Sampling:
Tissue sampling:
Samples were taken on the 25 th , 32 th and 39 th days of age. Five birds from each group were scarified and specimens were collected from liver, kidney heart, lungs and intestine for histopathological examination.
Blood samples:
Five blood samples were collected from 5 birds of each group. Each blood sample was divided into two equal volumes in separate tubes, the first one was collected on EDTA (Coles, 1986) and used for haematological studies, [Total RBCs count. PCV% (Schalm, 1975) and Hb% (Lynch et al., 1969) ] the second was collected in centrifuge tube, left to clot and serum was carefully separated for serum biochemical studies.
Efficacy of the drugs:
Clinical symptoms:
Chickens infected with Cl. perfringens type C showed decreased feed consumption, ruffled feathers with bloody diarrhea (Sabina and Nicodemus, 2014) . Chickens infected with E. coli serotype O78 showed decreased feed consumption followed by restlessness, standing about dejectedly with ruffled feathers labored rapid breathing, gasping and characteristic snacking (Sojka and Carnaghan, 1961) .
Mortality rate:
The number of dead chicks in infected and treated groups was recorded and calculated as a percentage.
Lesion scores:
For evaluation of the efficacy of the tested drugs the method described by Amin and Jordan (1979) Some liver function parameters as serum transaminases (AST), (ALT) (Reitman and Frankel, 1957) and (ALP) (Belfield and Goldberg, 1971) Kidney function parameters as estimation of serum uric acid (Henry et al., 1957) , serum creatinine (Husdan and Rapoport, 1968) were evaluated.
Statistical analysis:
The obtained data were statistically analyzed using one way ANOVA test on the bases of (Snedecor and Cochran, 1982) . Table ( 2). Table ( 3) illustrate the effect of oral administration of ciprofloxacin (10 mg/kg B.wt.) and metronidazole (50 mg/Kg b.wt.) for 5 consecutive days on total RBCs count, Hb content, and PCV% in healthy and experimentally infected chicken with Clostridium perfringens type C and E. coli. Changes in serum AST, ALT, ALP, Uric acid and Creatinine of control and experimentally infected chickens with Clostridium perfringens type C and E. coli after oral administration of ciprofloxacin and metronidazole given for 5 consecutive days on are illustrated in table 4.
RESULTS
DISCUSSION
Ciprofloxacin is one of the second generation of quinolones with a wide spread application to control animals diseases. It has a rapid bactericidal activity against a broad spectrum of bacteria, Mycoplasma chlamydia and some Mycobacteria (Ridgway et al., 1984) .
Metronidazole, a synthetic antimicrobial agent, is effective against Gr-ve, Gr+ve, anaerobic bacteria and some protozoans. It is the drug of choice for treatment of parasitic and protozoal disorders (Seddiek et al., 2014) .
The present study was carried out to evaluate the efficacy of ciprofloxacin (8 mg/kg b.wt.), Metronidazole (30 mg/kg b.wt.) and their combination for 5 consecutive days in drinking water on E. coli O78 or Cl. perfringens each alone and their mixed infection for controlling such infection beside their effect on body performance as well as studying the effects of infections and drugs on some haematological, liver and kidney function parameters. Means carrying different superscripts in the same column are significant at P<0.05 Zeng et al. (1996) who found that metronidazole is very active against Cl. perfringens.
In the present study, it has been noticed that, the most common clinical signs appeared in chickens infected with Cl. perfringens were loss of appetite, depression, dropping wings, diarrhea, ruffled feathers dehydration emaciation and elicited gross pathological lesions (necrotic enteritis and liver hepatitis) and high mortality rate up to 30%. Same signs and gross pathological lesions were observed by Abdalla and Emam (2006) in broiler chickens infected with Cl. perfringens. Our findings were reinforced with those recorded by (Magdy et al., 2012) , who recorded that, infection with Cl. perfringens in broiler chickens induced high mortality rate, which might be due to effect of bacterial toxins (Olkowski et al., 2006) . Infection in chickens with Cl. perfringens is associated with mortality rates up to 50% (Mc Devit et al., 2006) .
In this work, infected chickens with Cl. perfringens type C treated with metronidazole displayed no clinical signs of illness as they were healthy and viable allover the experiment beside decreased mortality rate to 10%. Our results are in agreement with Sameh et al. (2005) who stated that oral administration of metronidazole to chickens infected with Cl. perfringens led to disappearance of clinical signs and reduction of mortality rate.
Metronidazole was effective in treatment of Cl. perfringens infection and reduction in mortality rate (Sabina and Nicodemus, 2014) .
Our results revealed that the main clinical signs that appeared on chickens experimentally infected with E. coli were loss of appetite, depression, respiratory symptoms including sneezing, gasping, mild conjunctivitis with frothy exudates in their eyes and diarrhea and mortality rate reaching to 20%. Moreover, E. coli infection elicited gross pathological lesions as air saculitis, pericarditis, perihepatitis and enteritis. The same signs and gross pathological lesions were observed by Barnes and Gross (1997) in chickens infected with E. coli. Our finding coordinates with those recorded by (Youessf et al., 1982) they reported that E. coli infection was associated with air saculitis, hepatitis; salpingitis and respiratory manifestation. Our results were similar to that recorded by Roushdy (2007) who observed that mortality rate due E. coli infection was high
The obtained results revealed that treatment of E. coli infected chickens with ciprofloxacin resulted in complete disappearance of clinical signs and improved the health status of infected chickens as evidenced in this study by reduction of mortally rate to 10% and gross pathological lesions. These recorded results were similar to these recorded by Shawky (2006) in chickens infected with E. coli and treated with ciprofloxacin.
The obtained results in this work revealed that chickens exposed to mixed infection (E. coli and Cl. perfringens) showed severe respiratory signs and severe diarrhea with air saculitis, pericarditis, perihepatitis, severe enteritis and increase in mortality rate to 70% besides presence of lesions (air saculitis, pericarditis, perihepatitis, necrotic enteritis and hepatitis). These clinical signs and post mortem lesions agreed with those reported by Mark (2004) .
In this study, it is clear that chickens experimentally infected with E. coli and/or Cl. perfringens either alone or mixed infection revealed significant decrease in body weight, weight gain, feed consumption and increased feed conversion rate throughout the experimental period. These results might be attributed to intestinal damage caused by microorganisms as proved in the histopathological study. This previous assumption is supported by Sameh et al. (2005) . They found that Cl. Perfringens infected chickens showed poor digestion, poor feed efficiency and poor weight gain. Reduction of weight gain and a concomitant adverse effect on feed conversion rate may be due to reduction of feed intake (Sarkar et al., 2013) . Our result agrees with that obtained by El-Gharbawy (2014) who found that, broiler chickens infected with Cl. perfringens showed a significant decrease in body weight, weight gain and increase in feed conversion rate.
On the other hand, the body weight gain of chicks infected with E. coli and Cl. Perfringens either alone or mixed infection and treated with ciprofloxacin ant/or metronidazole in their recommended doses either alone or in combination showed nonsignificant decrease in body weight gain at 5 th day post administration accompanied by non-significant increase in body weight gain at 12 th and 19 th days post administration. This change may be due to bactericidal effect of drug improving the general health condition (Kamel, 2004) . This result coordinated with the findings of Papich (2002) who reported that metronidazole was effective against Cl. perfringens infection. Also these findings were reinforced by John et al. (2004) , they found that, using another quinolone (enrofloxacin) in E. coli treatment in chickens displayed better weight gain and feed conversion rate. Infected chicks with E. coli treated with another quinolone (danofloxacin) improved body performance (Bryan et al., 1998) .
The infection with Cl. perfringens and/or E. coli each alone or mixed infection in chickens revealed significant decrease in RBCs count, Hb and PCV % all over the experimental period. Reduction in erythrogram parameters caused by E. coli infection could be attributed to bacterial endotoxins which cause intravascular destruction of erythrocytic cells and consequently lead to hemolysis with breakdown of hemoglobin (Karaivanov L., 1984) . The change in blood picture in infected broiler chickens agreed with (Dagmar et al., 2002) who stated that infected bacteria produces cell damaging protein toxin (hemolysin) that causes changes in cell membrane permeability and formation of surface lesions causing RBCs destruction. In addition, Tserenpuntag et al. (2005) stated that E. coli lipopolysaccharide has direct effect as it inhibits bone marrow cells and its nephrotoxicity decrease erythropoietin in blood.
Our results are compatible with Kadry et al. (2009) in chickens infected with Cl. perfringens. These results may be due to breakdown of phospholipids of erythrocytes membrane causing hemolysis, damaging circulating erythrocytes by Clostridial toxin (Opengart, 2008) . Alpha toxin is a principal lethal toxin of Cl. perfringens and is a multifunctional phospholipase produced by nearly all isolates toxin is hemolytic, necrotizing and potently lethal. The hydrolytic action of toxin on membrane phospholipids of erythrocytes results in lysis (Songer, 1996) .
Infected chicks with Cl. perfringens and E. coli and medicated by ciprofloxacin and metronidazole in their recommended doses either alone or in combination for 5 consecutive days showed significant increase in RBCs, Hb and PCV% all over of the course of the study compared with infected non-treated groups.
Our results coordinate with those recorded by EL-Kadeem (2005) who recorded that treatment of E. coli infected chickens with ciprofloxacin improved blood picture which is reverted to the control values. Our recorded results are also in accordance with those reported by (Sameh et al., 2005) who reported that using metronidazole in treatment of chickens infected with Cl. perfringens showed improved blood picture (RBCs, Hb and PCV%) Infected chickens with Cl. perfringens and/or E. coli either alone or mixed infection showed significant increase in serum enzymes (AST, ALT and ALP) activities all over the experimental period.
The obtained data coincides with the results of Campell and Coles (1986) , they stated that ALT is mostly of hepatic origin and so their high level in the serum was indicative to liver damage. Also, the elevation of serum AST level post infection was mainly due to damage in liver cells (Halliwell, 1981) .
Our results were supported by the results obtained by Mwafy (2000) who noticed that chickens infected with E. coli exhibited elevation in liver enzymes (AST, ALT and ALP) activities. Our results were in complete harmony with those reported by Joan and Pannel (1981) , who stated that the infection produced alteration in cellular permeability due to changes in cell membrane which allows the escape of these enzymes into serum in abnormal high level. Our results are in accordance with Shawky (2006) who found that E. coli infection in chickens resulted in significant increase in liver enzymes (AST, ALT and ALP) activities.
These findings were supported by those previously obtained by Allam et al. (2013) who reported that Cl. perfringens infection in duckling induce significant increase in liver enzymes. This could be due to the destructive effect of Cl. perfringens and Clostridial toxins on the liver cells and these results were in accordance with Oda (2012) . Elevation in liver enzymes were reported previously by Kadry et al. (2009) Oda (2012) , who found that, broiler chicken infected with Cl. perfringens and treated with metronidazole showed elevation in serum levels of liver enzymes. Also, broiler chicken infected with E. coli treated with therapeutic doses of ciprofloxacin induced significant elevation in serum liver enzymes (AST, ALT and ALP) activities (EL-Kadeem, 2005) .
Regarding the effect on serum uric acid and creatinine, the obtained results revealed that experimental infection of broiler chickens with E. coli and Cl. perfringens induced a significant increase in uric acid and creatinine levels all over the experimental period. Elevation in uric acid could be attributed to the degenerative changes in renal tubules preventing excretion of uric acid and creatinine leading to an increase in their levels in serum (Kaneko, 1980) . These results are confirmed by the pathological changes as the kidneys showed degenerative changes in some tubules (cloudy swelling and hydropic degeneration).
Our results were in accordance with that obtained by Abdalla and Adayel (2006) . They found that serum uric acid concentration in infected chickens with E. coli showed a significant increase. These results were in accordance with that obtained by (ElSayed, 2007) she found that uric acid and creatinine concentrations were significantly increased in broiler chickens infected with E. coli.
Our results were supported by the results obtained by Halliwell (1981) , who reported that Cl. perfringens infection in broiler chickens induced significant increase in uric acid and creatinine attributing this elevation to kidney damage induced by bacterial toxins. Increase in uric acid and creatinine were recorded by Kadry et al. (2009) in broiler chickens infected with Cl. perfringens.
In the current work, the administration of ciprofloxacin and/or metronidazole in their tested doses either alone or in combination for 5 consecutive days to E. coli and Cl. perfringens infected broiler chickens either alone or mixed infection produced a non-significant increase in serum uric acid and creatinine level along the entire period of the study compared with normal control group. This result was in accordance with that obtained by Sameh et al. (2005) , who stated that uric acid and creatinine concentration was significantly increased only at 1 st day post treatment in broiler chicken infected with Cl. perfringens and treated with metronidazole. On the same ground, Kadry et al. (2009) and Allam et al. (2013) reported that uric acid and creatinine concentrations were nonsignificantly increased post treatment of broiler chickens infected with Cl. perfringens using metronidazole. Compared with normal control group and a significant decrease compared with infected non-treated groups.
The combination of both drugs elicited the best treatment of mixed infection than each drug alone indicating synergistic effect. These results provide a further support for efficacy of two drugs in controlling mixed infection (Hooper and Wolfson, 1985) .
